In this work, we have investigated whether Y(4260) and Z + 2 (4250) could be D1D or D0D
I. INTRODUCTION
In the past years, a number of charmonium-like X, Y, Z states have been observed, which stimulate a lot of discussion about the structures and properties of these resonances. In particular, the Z + (4430) observed in the π + ψ ′ invariant spectrum [1] carries one unit electric charge. Consequently, it can not be simple charmonium. Recently, two new resonance-like structures Z It is remarkable that some states are in the vicinity of the S-wave threshold of two charmed mesons, e.g., X(3872) and Z + (4430) are very close to the thresholds of D * D and D 1 D * respectively, therefore it is tempting to interpret these states as molecular states [3, 4] . Particularly, Y(4260) and Z [6] . Y(4260) was reported by the Babar collaboration in the π + π − J/ψ invariant spectrum of the reaction e + e − → γ ISR π + π − J/ψ [7] , which has been confirmed by both the CLEO and Belle collaboration [8, 9] . A fit to the peak with a single Breit-Winger resonance shape yields a mass M = (4259 ± 10)MeV and the full width Γ = (88 ± 24)MeV. Evidently the state is a vector with cc flavor, and its quantum numbers are determined to be I G (J PC ) = 0 − (1 −− ). Although it is above the threshold for decaying into DD, DD * (D * D) or D * D * meson pairs, there is no evidence for Y(4260) in these channels [10, 11, 12] . Therefore Y(4260) appears not to be a canonical charmonium.
The observation of the Y(4260) has sparked many theoretical speculations. It has variously been identified as a conventional ψ(4S) based on a relativistic quark model [13] , a tetraquark ccss state [14] which decays predominantly into D s D s , or a charmonium hybrid [15] . The data on e + e − → D sDs show a peaking above threshold around 4 GeV but no evidence of affinity for a structure at 4.26GeV [16] . If these data are confirmed, then the interpretation of Y(4260) as a ccss tetraquark would be ruled out. Moreover, dynamical calculation of tetraquark states indicated that Y(4260) can not be interpreted as P-wave 1 −− state of charm-strange diquark-antidiquark, because the corresponding mass is found to be 200 MeV heavier [17] . Although the charmonium hybrid is a very attractive interpretation, the Lattice QCD simulations predict that lightest charmonium hybrid is about 4.4GeV [18] , which is very close to the new charmonium-like state Y(4360) [19] . As has been proposed in Ref. [20] , a possible resolution to this issue is that Y(4360) is the candidate of charmonium hybrid, while Y(4260) is a D 1 D hadronic molecule.
In Ref. [21] , Swanson emphasized that we should examine the D 1 D molecular interpretation before finally concluding that Y(4260) is a charmonium hybrid. Furthermore, he pointed out that π exchange does not lead to a diagonal interaction in the D 1 D channel, and certain novel mechanism such as off-diagonal interaction may be required. In Refs. [22, 23] In this work, we shall investigate whether Y(4260) and Z + 2 (4250) could be hadronic molecule due to the off-diagonal π exchange effect in the framework of heavy quark effective theory. The contribution of σ exchange has been considered, which results in diagonal interaction. The light vector mesons ρ and ω exchange is discussed as well.
The paper is organized as follows. In section II, we present the formalism to include both heavy meson and anti-meson fields in the heavy meson chiral perturbation theory(HMχPT), and the complete Lagrangian is written out explicitly. Section III illustrates the systematic procedure for converting a general T-matrix into an equivalent potential operator. Later we follow this to derive the effective potential. In section IV, we present both the diagonal and non-diagonal potential related with Y(4260) and Z ) is studied. We present our conclusions and some relevant discussions in Section VI. Finally, the potential from ρ and ω exchange is shown in the Appendix.
II. FORMALISM FOR THE SYSTEM CONTAINING BOTH MESON AND ANTI-MESON FIELDS IN HMχPT
The strong interaction between pseudo-Goldstone bosons and the mesons containing a heavy quark is described by the so-called heavy meson chiral perturbation theory (HMχPT) [24, 25, 26] . The heavy meson chiral perturbation theory is constructed starting from the spin-flavor symmetry occurring in QCD in the infinite heavy quark mass limit, and from the chiral symmetry valid in the massless limit for the light quarks. In HMχPT, the heavy-light meson field appears in a covariant form, which is represented by a 4 × 4 Dirac-type matrix. The negative and positive parity doublets containing a heavy quark Q and a light anti-quark of flavor a, can be respectively described by the superfields H a , S a and T µ a as follows
The above various operators annihilate mesons of four-velocity v which is conserved in strong interaction processes. The heavy field operators contain a factor √ M P and have dimension 3/2. Under a heavy quark spin SU (2) transformation S and a generic light flavor transformation U (i.e., U ∈ SU (3))
The conjugate field, which creates heavy-light mesons containing a heavy quark Q and a light anti-quark of flavor a, is defined as
which transforms under S and U as
The octet of light pseudoscalar mesons can be introduced using the non-linear representation Σ = ξ 2 and ξ = exp(iM/f π ) with f π = 132 MeV. The matrix M contains π, K, η fields, which is a 3 × 3 hermitian and traceless matrix
Under the chiral symmetry, the field ξ transforms as
where g L and g R are left-handed and right-handed global SU (3) transformation respectively. The effective QCD Lagrangian is constructed by imposing invariance under both heavy quark spin-flavor transformation and chiral transformation, it is [24, 25, 26, 27, 28] 
where ... means trace over the 4 × 4 matrices, the covariant derivative D µ = ∂ µ + V µ , the vector current V µ and the axial current A µ are defined by
In order to describe mesons containing heavy anti-quark Q, we have to introduce six new fields P * (Q)
1aµ which destroy mesons containing a heavy anti-quark Q. The phase of the field P * (Q) aµ relative to P * (Q)
etc can be fixed by the following charge conjugation convention
The mesons containing a heavy anti-quark Q and a light quark of flavor a can be included into the theory by applying the charge conjugation operation to the above heavy-light meson superfields H
The matrix C is the charge conjugation matrix for Dirac spinors with C = iγ 2 γ 0 , and the transpose is on the spinor matrix indices. Under the heavy quark spin transformation S and light quark SU (3) flavor symmetry U ,
Similarly the hermitian conjugate fields are defined by
Under the symmetry transformation S and U
For the system including both heavy meson and heavy anti-meson field in the HMχPT, the total effective Lagrangian should be invariant under the charge conjugation transformation. The interaction between the pseudo-Goldstone bosons and the meson containing one heavy anti-quark can be obtained from Eq. (7) by applying the charge conjugation operator
where
After expanding the effective Lagrangian in Eq. (7) and Eq. (14) to the leading order of pseudoGoldstone field, we can obtain the following effective interactions, which is needed in our work
In the chiral and heavy quark limit, the above coupling constants are
We would like to stress that the DD * P coupling constant is the negative of the D D * P coupling constant, because of the phase convention for charge conjugation chosen in Eq. (9) . The effective Lagrangian between σ and heavy meson(anti-meson) are [30] 
The coupling constants are estimated as follows [30] 
where g π = 3.73 and g A = 0.6. As in Ref. [31] , we take |g 
In the center of mass frame P 1 = −P 2 . The amplitude T f i can be expanded as a power series in P 1i and P 2i
This procedure produces the full Breit-Fermi Hamiltonian when it is applied to the photon exchanged electron-electron scattering amplitude expanded to O(P 2 ). The leading term T (0) (q) is a function of q only, its Fourier transformation gives us a local potential V (r) that is a function of r 1 − r 2 ≡ r only. The relation between T (0) (q) and V (r) is
For the higher terms of the T-matrix expansion, P 1i and P 2i are replaced by left-and right-gradients in the equivalent potential operator defined implicitly by Eq.(21) [35] . Following this systematic procedure, we can convert a general T-matrix into an equivalent potential operator. In this work, we obtain the local potential by Fourier transforming the leading terms T (0) (q) of the scattering amplitude T f i , which is common in potential model [37, 38] . Since the propagators are off-shell, we introduce form factor at each vertex when writing out the scattering amplitude, the usual form factor is expressed as [39, 40] 
where Λ is an adjustable constant within a reasonable range of 1-2 GeV, which models the off-shell effects at the vertices due to the internal structure of the meson. m and q are the mass and the four momentum of the exchanged meson respectively.
IV. THE EFFECTIVE POTENTIALS RELATED WITH Y(4260) AND Z
Recently, the meson exchange model based on the HMχPT has been used to study possible heavy flavor molecule [31, 41] . In this section, we will follow the general procedure shown above to derive the effective potential associated with Y(4260) and Z + 2 (4250) in the framework of HMχPT. From the effective interaction in Eq. (15) and Eq.(19), we can write down the corresponding scattering amplitude for each diagram, including the form factor at each vertex. Then we get the equivalent potential in momentum space following the general formalism presented in section III. Finally we make Fourier transformation to derive the potentials in coordinate space. Because of parity conservation, pseudoscalar π and η exchange only contributes to the off-diagonal interaction, whereas σ exchange and light vector mesons ρ, ω exchange result in diagonal interaction only. The corresponding scattering diagrams are shown in Fig.1 .
The scattering diagrams with pseudoscalars π, η exchange, σ exchange, and light vector mesons ρ, ω exchange.
Under the ansatz of Y(4260) as a D 1 D or D 0 D * hadronic molecule, we can write down its flavor wavefunction
We stress that the phase convention under charge conjugation is consistent with Eq.(9). In the same way, the flavor wavefunction of Z
In this case, its quantum number are
. Following the procedure discussed above, we can calculate the effective potential in momentum space, it is a lengthy and tedious calculation.
For Y(4260), the exchange potential in momentum space is
where we have include the monopole form factor in Eq. (25) to regularize the potential. The diagonal potential V 11 (q) and V 22 (q) is induced by σ exchange, and the non-diagonal potential V 12 (q) ( or V 21 (q) ) arises from the pseudoGoldstone bosons π and η exchange. The effective potential from ρ, ω exchange is shown in the Appendix. The potential for Z + 2 (4250) in momentum space is
The various parameters appearing in the above formulas are defined as follows.
After performing Fourier transformation, we obtain the potential forms in configuration space, For Y(4260), the potential in coordinate space is
The potential in coordinate space for Z
Here the functions H(Λ, m, r) and Z(Λ, X, µ, m, r) are defined as
We take the typical values of the coupling constants gh = 0.85, g σ g
35, and Λ = 1.5GeV is chosen for an illustration, the variation of the effective potential with respect to r is shown in Fig.2 . It is obvious that the magnitude of the diagonal potentials from σ exchange is smaller than that of the offdiagonal potential from π and η exchange, this is mainly because m π is small than m σ . Moreover, the magnitude of the off-diagonal potential related with Y(4260) are larger that associated with Z + 2 (4250), the latter is about one third of the former. This is consistent with results from chiral quark model [39] , consequently the I With the above effective potential, we shall explore whether there are bound states with I G (J PC ) = 0 45] 0.59 ± 0.07 ± 0.01 combining the CLEO's results on D * decay width [46] 0.46 ± 0.04 through a constituent quark-meson model [47] 0.53 including one loop corrections without positive parity states [47] 0.65 including one loop corrections with positive parity states [27] 0.44 ± 0.16 from QCD sum rule [48] 0.39 ± 0.16 from QCD sum rule [49] 0.32 ± 0.02 [28] 0.75 from non-relativistic quark model Referenceh Remark [28] |h| = 0.87 from non-relativistic quark [50] 0.91 Table II , we see that one can get a molecular state consistent with Y(4260), given appropriate value for gh and a reasonable cutoff Λ in the range 1-2 GeV. However, the existence of a bound state with I G (J P ) = 1 − (1 − ) require that the value of Λ should be at least larger than 4 GeV. The cutoff parameter Λ is a typical hadronic scale, which is generally expected to be in the range 1-2 GeV. If Λ is required to be much larger than 2 GeV in order to form a bound state, we tend to conclude that such a bound state should not exist. Therefore, it is not appropriate to assign Z Then we include the contribution coming from σ exchange, which leads to only the diagonal interaction. The corresponding numerical results are shown in Table III and Table IV . The radial wavefunctions χ(r) = rR(r) for certain certain parameter values are shown in Fig.3 . The wavefunction corresponding to other solutions in Table  III and IV has similar shape with that in Fig.3 . We find that the σ exchange interaction has significant effects, the variations of M, r rms and R with respect to Λ have the same pattern as those in the only pseudoscalar exchange case. Varying the parameters gh, g σ g * molecule is disfavored. This conclusion is consistent with the general observations from chiral quark model. It is found that the isoscalar channel is easier to bind that the isovector channel for the same components [51] . The bottom analog Y bb and Z + bb respectively denote the states obtained by replacing both the charm quark and antiquark with bottom quark and antiquark in Y(4260) and Z + 2 (4250). The above calculation can be easily extended to study these states. The shape of both the diagonal and non-diagonal potential is similar to that of the charm system, except that the former is larger than the latter in magnitude. Furthermore, Since the kinetic energy is greatly reduced because of the heavier mass of B meson, a molecular state is more easily formed. We choose the same set of parameters as in the previous section. The numerical results with only pseudoscalar π, η exchange are shown in Table V , and the results with both pseudoscalar and σ exchange are listed in Table VI and VII. As is expected, the magnitude M of the bottom analog is larger than that of the corresponding charmed state for the same parameters. The variation of M, r rms and R with Λ is the same as the charm system, large gh, negative g σ g ′ σ and g σ g ′′ σ are beneficial to molecule formation as well. From the results in Table V , VI and VII, we note that both the bottom analog Y bb 
, where χ b1 is in turn detected by its decay into γΥ [44] . Because of the large mass of this state, it is difficult to produce such state via decay of certain particle ( i.e., Z + 2 (4250) is produced in B decay [2] ), consequently large hadron collides such as Tevatron and LHC are good place to search for this state.
VI. CONCLUSION AND DISCUSSIONS
In this work, we have performed a dynamical study of Y(4260) and Z + 2 (4250) simultaneously to see whether they could be D 1 D or D 0 D * hadronic molecule. We have employed the HMχPT, which combines the heavy quark symmetry and the chiral symmetry. Since both the heavy meson and heavy anti-meson are involved, the interaction related with heavy anti-meson has been included explicitly, and the total effective Lagrangian is invariant under the charge conjugation transformation.
The off-diagonal interaction from pseudoscalar π, η exchange plays a dominant role, which is a straightforward support to the off-diagonal interaction mechanism proposed by Swanson and Close. σ exchange leads to only diagonal interaction, its contribution has been taken into account in this work. We find that σ exchange is not favorable to the formation of molecular state with I G (J PC ) = 0 [54] .
The effective potential from vector meson ρ, ω exchange has been presented analytically. Because of the accidental coincidence of m ρ and m ω , the contribution from ρ and ω exchange almost cancels in the potential related with Z + future.
The bottom analog of Y (4260) The light vector mesons nonet can be introduced by using the hidden gauge symmetry approach, and the Lagrangian containing these particles is as follows [27, 32, 33] 
, and ρ µ is defined as
V µ is a hermitian 3 × 3 matrix analogous to Eq.(5) containing ρ, K * , ω and φ,
By imposing the KSRF relations, one obtains g V ≃ 5.8. For the same reason, the interaction between the light vector resonances and heavy anti-mesons should be included via applying charge conjugation transformation
where we have used the property CV µ C −1 = −V T µ . Then the effective interactions relevant to the concerned tree level scattering diagrams are as follows
The coupling constants are as follows [55] 
From the above effective interactions, following the general procedure presented in section III, we can calculate the effective potential from ρ and ω exchange. For Y(4260), the potential in coordinate space is
where the parameters µ i (i = 5, 6, 7, 8) are given by
The new functions G(Λ, m, r) and Y (Λ, X, µ, m, r) are defined as follows
As is demonstrated in Eq.(A7) and Eq.(A8), light vector mesons ρ and ω exchange leads to diagonal interaction, and the off-diagonal components of the effective potential are zero because of parity conservation. For Z + 2 (4250), it is obvious that the potential coming from ρ exchange almost cancels that from ω exchange, because of the accidental coincidence of m ρ and m ω , i.e., m ρ ≃ 775.5 MeV and m ω ≃ 782.7 MeV [44] .
There are a number of parameters β, β 1 , β 2 , µ, µ 1 , ζ and ζ 1 involved in the effective potential. The information about the effective coupling constants between the heavy meson and the light vector mesons is very scarce until now, especially those related with the P-wave heavy mesons. By vector meson dominance, β is estimated to be about 0.9 [45] . Ref. [27] gives µ = −0.1GeV −1 and ζ = 0.1. The remaining parameters have not been determined as far as we know, and we even don't know the ranges which they are in. So at present we can not give a quantitative estimate about the vector meson exchange contribution to the potential associated with Y(4260). Since the light vector meson mass m ρ , m ω is larger than m π , m η and m σ , we expect that the potential induced by vector meson exchange should be smaller than that due to pseudoscalar and scalar exchange in magnitude. In principle, we can determine these coupling constants following the methods of QCD sum rule, non-relativistic potential model and so on, by means of which certain coupling constants in HMχPT have been estimated. In future, if we could get a reliable estimate about these coupling constants from both phenomenological and theoretical approaches, The effective potential arising from ρ, ω exchange and its effect on the structure of Y(4260) could be analyzed in the same way as in section V. The mass, the root of mean square radius(rms) and the ratio(R) between the DD1 and D * D0 components for the bound state solutions of the DD1 and D * D0 system with both one pseudoscalar exchange and σ exchange, and the mass is measured with respect to the D1D threshold MD + MD 1 ≃ 4291.3MeV. 
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